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Update of CERES Cloud-related Papers
since Oct 2016
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Clouds - Processing Status

CERES MODIS Status (Coll 5 Data)

Ed4 processing
 Aqua:Jul 2002 — Jan 2017 (~15 y)
« Terra: Feb 2000 — Jan 2017 (~17 y)

CERES VIIRS Ed 1 Status

Ed1 delivered, 5 years completed
« Jan 2012 — Dec 2016



Switch to MODIS Collection 6

C6 radiances scaled to C5 to maintain continuity in CERES data record

MODIS Collection 5 (C5) stopped on March 30, 2017. Need to migrate
to C6 beginning in April 2017

The MODIS C6 has the most updated calibration

— Detector to detector, scan angle, stability and absolute calibration, some
of which were not in the C5 calibration code

To avoid creating a discontinutity in Ed4, we will scale the C6 channel
radiances back to C5 absolute calibration

— Scaling factors developed by regressing pixel-level C6 and C5 radiance
pairs

— The MODIS cloud code has been modified to read in scaling factors
— Update annually unless large anomaly occurs

— Use invariant deep convective clouds, desert, and polar ice to forecast any
visible trends



Switch to MODIS Collection 6

C6 radiances scaled to C5 to maintain continuity in CERES data record

C5-C6 summary from last STM

Changes caused by C6 calibrations are small, but significant for some bands

Most impactful problem is degradation of Aqua Vis calibration
- induces artificial trends in C5 Aqua and Terra, continues in C6

Unmaintained nocturnal 3.7 um corrections introduce trends at night

Strategy outlined for improvements in Ed5

Recent developments

Major anomaly in TERRA WV channel occurred in Feb 2016
- TERRA WV channel degrading since 2008

WYV channel used in cloud mask
- most critical over snow/ice during nighttime

Discontinuity in cloud properties possible
- Assessing the potential impact of removing WV channel from mask (in progress)



Collection 5 Rad

Collection 5 Rad

Terra-MODIS Water Vapor 6.7um

Terra-MODIS Feb 2016 C6C5 WV Radiance (Wm™2sr™ um™")

Free Linear: y = 0.93433x + 0.16589
Forced Linear [0]: y = 1.1562x + 0
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Free Linear: y = 0.70809 + 0.3449
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Terra and Aqua WV nadir matched BT

Terra vs Aqua MODIS Terra vs Aqua MODIS Terra vs Aqua MODIS
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340 ‘ ' T ‘ T ' ' 340 T T T T T T T T T T T T T
AVE 231‘;{ 2;5‘4;2 Terr  Aqua 340 T;vr Aqua ‘ l !

- A 2 O 02 o é\és 232.(252 232.;2 o ége 225.00 234.30
= : - < : : X FSbv 535 586
o MAX  252.11 253.43 o MAX 250.09 252.75 2015 o MAX 247.79 254.06 2016
2 gpg| MIN 19949 199.43 . 5 MIN  196.85 200.12 5 MIN  199.64 205.11
@ RNG 5262 54.00 T 308/ AnG 5324 5263 7 § 308/ NG 4815 4895 7
3 @ @
1S =2 Q
o § §
it [ [
£ 276 5 276 . = 276 5
E E E
3 3 3
P R 2
- ©e e
~ SLOPE 1.0284
q 244r ’ OFF 627 & 244 OFF 10301 q 244p oFr - Ciz00
o R2 0.9943 5 R2 0.9169 o R2 0.6096
» STDerr 0.4394 » STDerr 1.6817 | %) STDerr 3.6620
a NUM 15211 = NUM 36879 = NUM 29219
5 BIAS -0.40 8 BIAS  -3.73 8 BIAS  -9.30
s 212 RMS 0.61 £ 2121 RMS 411 S 212 RMS 10.02 -
o RMS%  0.26 = RMS% 175 < K RMS%  4.28
=] ‘ F 1 =]
g SLPyx 1.0373 T SLPyx 1.1588 - > t SLPyx 1.4212 A
< FOR(0.0] 1.0017 < FOR(00] 1.0162 < FOR[0.] 1.0412

180 ) P(‘)LY -[0.000441)( * 1.232?11)( 4‘-29.81I3406 1801 . PO.LY _? 00724‘4,( + 14 377920>< + 1339 60.5713_ 180 ‘ POLY‘ -0 0]23569x + 11I 614825x + .1\159 96]6187

180 212 244 276 308 340 180 212 244 276 308 340 180 212 244 276 308 340
Terra-MODIS Ch27 (6.78um) , Temperature (K) Terra-MODIS Ch27 (6.78um) , Temperature (K) Terra-MODIS Ch27 (6.78um) , Temperature (K)

Terra vs Aqua MODIS, 2002-2016
IR, DAY & NIGHT, 6.78 um

oo A TERR A e Terra and Aqua orbits cross over the poles

e At the ground intersect the angles between Terra and
Aqua match
g I e During 2002 the Terra and Aqua WV temperatures were
; very similar
s A -~ | ®After 2010 the Terra WV started to degrade
i N e After the Terra satellite anomaly the Terra WV is
rendered un-useable without correcting the detector to
B 512358536583 detector striping

TERRA DAY SINCE LAUNCH (DEC 18, 1999)

f T T T T T 1

2002 2004 2006 2008 2010 2012 2014 2016 2018
YEAR




TERRA WV Channel
Impact of C6/C5 scaling on Cloud Fraction
TERRA, July 2008

07.Terra=MODIS.CEWIthWV.minus.Terra=MODIS.C5.00000C.CloudFraction=Total.Night  CEwIthWV. minus, Terra=MO

Cloud Fraction Difference (Nighttime)

Small differences due to scaling
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TERRA WV Channel
Impact of no WV channel in Cloud Mask
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Mostly impacts Polar regions



TERRA WV Channel: Impact of WV Removal

TERRA, July 2008

NBO7. Terra=MODIS.CEnoWV.minus. Terra~MODIS.C5.000000.CloudFraction=Total.Day CBnoWV.minusa.Terra=MODIS.

Daytime cloud fraction differences small



TERRA WV Channel: Impact of WV Removal

Discontinuity in Ed4 Terra cloud properties possible
in polar regions, minimal impact expected elsewhere

Expect greatest impact on SFC fluxes

Minimal impact on TOA flux (?) - ADM’s similar over
snow/ice, clouds

No current solution to compensate for lost WV
channel in Ed4

Need to develop strategy for Ed5



Ed4 vs Ed2 Clouds

Primary changes to cloud mask

* Increased thin Ci detection over land and ocean

* Improved aerosol (heavy dust) and low cloud discrimination
* Improved polar cloud and snow/ice detection

* Smoother transitions into polar regions

Primary changes for optical depth

* Improved vis calibration (anchor Aqua) But, Aqua degrading

* New ice crystal models (roughened hexagonals)

* Improvements for cryosphere (1.24 um Terra and Aqua, 1.24 um snow model)
But, thin cloud Tau too high

Primary changes for cloud height
* Regional lapse rates for B.L clouds (Sun-Mack et al., 2013, JAMC)
* Optically thick ice cloud correction (Minnis et al., 2008, GRL)
* Optically thin cirrus — many different factors
e Aqua accuracies improved, Terra reduced

Coding improvements
* Eliminated core dumps (3-4% data loss)
* Fewer no retrievals (from 5% to 1%)



Ed4 vs Ed2 Clouds
Cloud Fraction

MODIS comparisons with CALIPSO

Spatially/temporally matched cloud properties for January,
April, July, and October (JAJO) 2015-2016

Aqua-MODIS Edition 4 and Edition 2
CALIPSO products used:

— Vertical Feature Mask (VFM) V4-1

Compute Fraction Correct (FC), Hit Rates (HR), False Alarms
(FAR), and Heidke Skil Scores (HSS)

Additional notes:

— No parallax correction. View angles are < 20 degrees




MODIS Ed4 — Ed2 Cloud Fraction

Daytime (2015-2016)
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MODIS Ed4 — Ed2 Cloud Fraction
Daytime
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MODIS Ed4 — Ed2 Fraction Correct

fraction correct (FC)

0.7

Ed4 — Ed2

fraction correct difference (Ed4 - Ed2) fraction correct difference (Ed4 - Ed2)

-0.1 -0.0 0.1 . . -0. -0. -0.1 -0.0 0.1

FC correct nearly the same overall.
Significant increases over lower latitude oceans, E. tropical Atlantic
Improved over Arctic but lower FC over E. Antarctica in Oct




MODIS Ed4 - Ed2 Hit Rate
Daytime

Ed4 - Ed2

hit rate difference (Ed4 - Ed2) hit rate difference (Ed4 - Ed2)
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Higher hit rates overall, especially lower latitude oceans
Small decrease over land (S. Amer, C. Africa)
Big improvement E. Antarctica (Oct), neutral or slight dec in Jan




MODIS Ed4 — Ed2 False Alarm Rate
Daytime
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False Alarms mostly increase in Ed4
Largest differences in areas with lower cloud fractions
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MODIS Ed4 - Ed2 Heidke Skill Score
Daytime

Heidke skill score (HSS)
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Heidke skill score difference (Ed4 - Ed2)
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Overall skill during daytime slightly better for Ed4 than Ed2
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MODIS Ed4 — Ed2 Cloud Fraction

Nighttime
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means Edition 2
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MODIS Ed4 - Ed2 Fraction Correct oo,
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fraction correct difference (Ed4 - Ed2) fraction correct difference (Ed4 - Ed2)

FC correct 3-5% higher than Ed2.

Significant increases over land, tropical and southern polar ocean
FC decreases over E Antarctica in Jan




MODIS Ed4 - Ed2 Hit Rate
Nighttime
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Hit rates increase 7-8% in Ed4, especially lower latitude oceans and land areas
Nice improvement oerall in the Arctic
Lower hit rates E Antarctica




MODIS Ed4 — Ed2 False Alarm Rate
Nighttime
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False Alarms similar overall
Reduction over E Antarctica, seasonal dependence over N.polar regions




MODIS Ed4 — Ed2 Heidke Skill Score
Nighttime
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Ed4 vs Ed2 Clouds

Cloud Phase

Liquid Water Cloud Fraction
Global, Daytime

Increased water clouds
' (Too much SLW
12-month running means identified as ice in Ed2)

Improved consistency
between Terra and
Aqua
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Time Series of CloudEffHgt (km) Ed4 vs Ed2 Clouds
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Ed4 vs Ed2 Clouds

Cloud Top Height
Time Series of Cloud Height (km)

All Type, Global, Total Phase, Day
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Met-8 recently moved - Indian Ocean

Multichannel-RGB
May 04, 2017 08:00 UTC
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Met-8 Cloud Mask Improvements and Challenges

Challenges:

* Major CO2 absorption band in MSG 3.9 um channel. Cloud mask not
employing theoretical atmospheric correction (cross-calibrated with
GOES-12). Significant tuning to cloud mask needed in order to use existing
clear sky maps.

 Met-8 regions are very inhomogeneous, including deserts, land, ocean and
narrow seas. The 1-deg resolution clear sky maps introduced chunky cloud
mask results along coasts.

Improvements:

* Detected more daytime low clouds over ocean
* Increased nighttime tropical ocean thin Cirrus and low clouds detection.

* Increased thin Cirrus detection over nighttime desert

Met-8 results reasonably consistent with Met-10

Ready to deliver Met-8 cloud code but not stopping work until we get a hard deadline
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GOES-16 SATCORPS CLOUD PRODUCT 17:25 UTC, MAY 15, 2017
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Initial results with AHI cloud code look good. Some nominal calibration problems



~~J%  CERES ERB Diurnally Complete g
GEO data critical — make up 85% of SYN1 clouds

 SYN1 TOA Flux calculation too cold and bright
e Suggests cloud fractions are too high



GEO vs MODIS Cloud Fraction

Differences relative to CALIPSO

Includes PC CALIPSO, No 80-km
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GEO vs MODIS Cloud Fraction

Differences relative to CALIPSO

July 2010-2016
Nighttime
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NASA GEO vs MODIS Ed4 Cloud Fraction®&9
Differences relative to CALIPSO
Performance metrics July 2011-2016
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Ed5 Ongoing Activities

Use latest MODIS collection and next-generation GMAO reanalysis system.
Cloud mask improvements
Implement the new two-habit ice crystal models, to improve thin cirrus retrievals
Update water droplet models
Implement new nighttime thick ice cloud optical depth retrieval method
Improve neural network multilayer detection
Develop cloud property retrieval algorithm using neural network for top layer clouds.
Use radiative transfer models to retrieval cloud properties for lower layer clouds
Update and implement the new emittance parameterizations
Clean up bugs in Ed4
Improve cloud retrievals over snow
* variable-band retrieval method
e Use 1.24 um two-habit ice crystal models
Develop revised clear-sky code to incorporate variable aerosol loading

Re-write old Fortran code to improve efficiency and documentation



Ed5 Ongoing Activities

Revise VIIRS code for future edition to make consistent with Ed5

Merge and test CrlS (WV & CO2 broadband) with VIIRS to improve
consistency and accuracy in MODIS & VIIRS retrieval algorithms.

Need method to deal with high VZA VIIRS areas unsampled by CrIS
Convert VIIRS code to X86 from P6

Revise GEO code for future editions to:

- Employ imager-specific, spectral cloud reflectance and emittance models
- Update calibrations and clear-sky maps for all channels

- Improved atmospheric corrections

- Test and implement new nighttime and multi-layer cloud algorithms

- Perform validations
- Improve consistency with MODIS/VIIRS

Revise and publish submitted papers and submit additional papers on VIIRS
and GEOs

Complete Ed4 GEOsat processing through 2016 (on Science Computing Facility-
SCF).
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CrlS WV/CO2 Channel Merge with VIIRS

CrlS to VIIRS mapping package:

Completed:

. Used CERES-subsetted resolution VIIRS (netCDF4 product VNP0203IMD)

. Required two NOAA CrlS products: GCRSO_npp (Geolocation) and SCRIS_npp (SDR).
. Merged CrlS to VIIRS for channels: 6.7, 7.3, 13.3, 13.6, 13.9, 14.2 um

. Appended above 6 merged channels to the same VIIRS product: VNP0203IMD

Future:

. Bring the merged channels to CERES clouds production code with VNP0203IMD, including the 6
merged CrlS channels, as input.

. Check and calibrate the merged channels with corresponding MODIS channels.

. Test and validate CO2 retrieval with the merged CO2 channels

. Test and validate Neural Network Multilayer retrieval with water vapor channel

. Test and validate Neural Network Thick Optical Depth retrieval with water vapor channel

. Bring water vapor channel to cloud detection, especially over polar regions during night time.
Challenges:

. CrlS does not cover full VIIRS swath width —- covering about 1800 km out of 2400 km VIIRS
swath with about 300 km un-covered on each side of the swath.

. CrlS resolution is 19 x VIIRS
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MODIS Ed4 — Ed2 Fraction Correct
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MODIS Ed4 - Ed2 Hit Rate
Daytime

-150 _-120

-150 -120 -90 -60 -30 - - - - [ 30 60 - - -3

hit rate (H) hit rate (H) it rate (H)

0.6 0.7
-150 -120 -90 -60 -30 0

s

LTS

orullign

Lo Mg WG

2
?|

gl
M I R e

’,,_R\.\v‘/{,w B =

-150 -120 -90 -60 -30 [ - - -30 [ -150 -120 -90 -60 -30 [ 30 60 9 120 150

hit rate (H) hit rate (H) hit rate (H)

0.6 0.7 . . K . X 0.7

-150 -120 -90 _ -60 -30 0 -30
— n

g - >

e YA . =

ghs % s ! : ;

DA it

% 0 W % 0 ™ T @ % w0 @ B % A 9% W0 @ B % T i To 950

hit rate (Edd - Ed2) hit rate difference (Ed4 - Ed2) hit rate (Edd - Ed2) hit rate difference (Ed4 - Ed2)

-0.2 -0.1 . 0.1 . . . -0. -0.1 -0.0 0.1 . .. . -0. -0.1 X 0.1 . . . -0. -0.1 -0.0 0.1

Ed4 - Ed2

Global
means Edition 2




MODIS Ed4 — Ed2 False Alarm Rate
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MODIS Ed4 — Ed2 Heidke Skill Score
Daytime
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Cloud mask and retrieval code using two different atmospheric correction procedures
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Large Effective Radii from MODIS/GOES Realistic

20:50 UTC,
19 July 2015
Northeast
Pacific
Ocean

Re (um) from GOES-15 CERES retrievals PDF of Re along flight path in box

Area of in situ
measurements

e Large values of droplet effective radius (Re > 20 um) often suspect: a
retrieval artifact

e Recent comparisons with in situ data indicate that such values result From Glienke et al.
from large drizzle drops within the clouds GRL submitted

* HOLODEC measures a wider spectrum of droplets than CDP and yields
larger Re than CDP because of drizzlets (beginning of coalescence,
40-80 pm)




